ABSTRACT
INTRODUCTION
Obesity and overweight is a growing problem. Global incidence of obesity is increasing fast and becoming an important public health issue. The World Health Organization (WHO) stated that, in 2016, 39% of adults were overweight (body mass index -BMI ≥ 25 kg/m 2 ) and 13% were obese (BMI ≥ 30 kg/m 2 ). Presently, worldwide there are more people obese than underweight. 1 With obesity comes a higher risk of obesity-related comorbidities such as: cardiovascular diseases, diabetes, certain cancer types, sleep apnoea and musculoskeletal disorders. The risk for these associated diseases increases with increasing BMI.
As a treatment of obesity, bariatric surgery has shown to be superior to any other treatment option, not only for weight loss, but also for obesity-related comorbidities.
In a large prospective trial, the Stampede Trial, the beneficial effects of bariatric surgery were proven. With surgery, glycaemic control was sustainable on the longterm, 5 years, and led to a significant reduction of the use of diabetes and cardiovascular medication. 2 It is true that the first bariatric procedures, described in the early 70's, by Scopinaro, Mason, Pories, Buchwald, etc. were associated with a high morbidity rate, although these authors were pioneers in weight loss surgery and played an important role in the development of different weight loss procedures.
The first procedures were jejunoileal bypass, Roux-en-Y gastric bypass (RNY), vertical banded gastroplasty, biliopancreatic diversion, duodenal switch, adjustable gastric banding and sleeve gastrectomy. Soon, the Roux-en-Y gastric bypass turned out to be the preferred operation regarding weight loss, metabolic benefits, and low complication rate. With the publication of the first laparoscopic RNY by Wittgrove et al in 1994, it gained general acceptance as the principal bariatric procedure. 3 In bariatric surgery, complications are, relatively spoken, more unexpected than in other disciplines because we are dealing with young patients, who are working and who consider themselves as being "healthy". In attempt to avoid those complications, surgeons are looking to evolve new techniques with better view, more control and finer tissue dissection. The robot could meet in achieving this goal. When using the robot, the surgeon is controlling the operation from a console located in the operation room. The robot is docked and thereafter the arms and instruments are installed under direct vision. With this setup, an optimal 3D vision is created with a magnified view inside the abdomen. The instruments are handled in a smaller working space and with more precise movements. 4 In this paper, we present you the results of the first series of robotic gastric bypasses in CUF Infante Santo Hospital, Lisbon, Portugal.
MATERIAL AND METHODS
Between the 1 st of May 2016 and 31 st of December 2017, 42 consecutive patients underwent a robotic gastric bypass. All procedures were performed by the same surgeon and are totally robotic gastric bypass procedures, operated according to a standardized technique as is described below. A retrospective review of the data, collected from the patient files, was performed.
In our centre, all patients are well informed before the surgery. A personal contact with the surgeon is scheduled twice preoperative, as is a consultation with a specialized nutritionist, psychologist, and the anaesthetist. All patients need to sign the informed consent form before entering the operation theatre.
In Portugal, there is no reimbursement provided for any type of bariatric surgery. The indication depends on the motivation of the surgeon. In our centre, patients are planned for an operation from BMI 35 kg/cm 2 onwards. Patients with comorbidities such as diabetes or severe hypertension can be operated at a lower BMI (> 30 kg/cm 2 ). Indications for patients who had previous surgery (e.g. laparoscopic gastric banding, sleeve gastrectomy, or Mason operation) are looked case by case.
Patient characteristics and comorbidities are recorded and analysed by file review. The start weight is set as the weight on the day of the surgery. Comorbidities are looked up by reviewing the patient medication list. The duration of surgery is calculated as the time between incision and skin closure as is written down in the anaesthesia file.
Preoperatively
Patients are strongly advised to lose weight preoperatively. Five days before surgery patients receive low-molecular-weight heparin which is continued, except on the day of the surgery itself, for 10 extra days.
Operative Technique
All procedures are performed according to a standardized technique. No technical adaptations were done in this series. The Da Vinci Xi device (Intuitive Surgical ® , Sunnyvale, CA, USA) was used in all cases. The entire team, e.g. the nursing staff, anaesthesia department as well as the technical support team is familiar with the procedure. Briefly, the robotic RNY is constructed with a manual end to side gastrojejunal anastomosis and a side to side linear stapled enteroenterostomy. For the revisional procedures some technical adaptations are done which are not described in this paper further in detail.
Prophylactic antibiotics are distributed 30 minutes before surgery. Patients are positioned in a flat position with the arms stuck to the body. Three robotic ports are used, a camera robotic port and one extra port for the assistant. The robotic ports are placed in one line at the level of the umbilicus. The assistant port is placed slightly more up to the right upper quadrant. A fix liver retractor is introduced as well, which in total makes 6 incisions ( Fig.  1 ). Before docking, the length of the limbs is defined. The ligament of Treitz is looked up and an orienting suture is placed at a length of 150 cm for the biliary limb.
The robot is docked from the left side of the patient.
First, a gastric pouch is created with a powered stapling device (Fig. 2) . Secondly, the manual gastrojejunal anastomosis is constructed (Fig. 3) . The biliary limb is lifted up and positioned with the efferent part in the correct direction. A 30 cm Vicryl 3/0 stitch is used to make the first layer of the gastroenterostomy. An opening is made in the gastric pouch and in the jejunum and the inner layer of the anastomosis is made on the guidance of the gastric tube (34Fr) with 2 ready-mades knotted Vicryl 3/0 sutures. For the anterior side of the second layer, the 30 cm suture is used again. Thirdly, the Roux-en-Y connection is performed. The alimentary limb is generally taken at 150 cm. The jejunojejunostomy is done by a linear stapler and the defect is closed with a Vicryl 3/0 suture again. Finally, the two mesenteric gaps are closed with a non-resorbable Ethibond 3/0 running suture. At the end of the procedure a meticulous leak test is performed with introducing 60 mL of methylene blue by the gastric tube. No drains are left and the gastric tube is removed at the end of the procedure.
Postoperatively
Patients are admitted to the general surgical ward postoperatively. Clear liquids are allowed on the same day. After clinical evaluation, the oral intake can be increased as is prescribed by the protocol. Discharge is discussed with the patient and is generally advised at day 2. When going home, patients are prescribed omeprazole (proton pomp inhibitor) and multivitamins. The habitual medication is reduced if possible. Patients are followed-up at regular time points: each 3 months until one year, each 6 months during the second and third year and yearly thereafter if no further complaints persist. A blood test is requested on each of this follow-up times.
Statistics
All data are noted as mean (+/-standard deviation).
For the analysis, final BMI is calculated, as well as total BMI units lost and percentage excess weight loss (initial BMI -final BMI / initial BMI -25).
RESULTS
A total of 42 patients were operated during the study period. Patient characteristics are described in Table 1 . Mean age at the time of operation was 50 years (+/-11.3). Male/female ratio was 3/1. Mean start weight was 111.1 (+/-20.5) kg and mean start BMI was 39.7 (+/-5.6) kg/m 2 .
In 32 patients, a primary RNY gastric bypass was performed. Six patients had a previous laparoscopic adjustable gastric banding, of which in 3 patients the band was still in place. In two patients, the band was removed previously because of band migration, and in one patient the band was removed earlier because of band intolerance. The other revisional cases included: one Sleeve conversion to a gastric bypass, one Scopinaro conversion to a regular gastric bypass and one Nissen fundoplication conversion to a gastric bypass and one pouch resizing with distalisation.
All operations were performed with the robot, no conversions could be reported. Mean operation time was 178.05 (+/-63.85) minutes.
There was one intraoperative complication in a patient with a large hiatal hernia. Because of devascularisation of the gastric pouch, a partial gastrectomy was needed to be performed.
Mean length of stay in the hospital was 2.8 (2-5) days.
In the early postoperative period three adverse events can be described. One patient had an epileptic insult during admission which was treated conservatively and had no further consequences. One patient had to be readmitted at postoperative day 7 because of fever and abdominal pain. An explorative laparoscopy was performed which revealed an infected hematoma in the mesentery which was drained successfully. One patient had an episode of hematemesis at 7 weeks postoperative; a gastroscopy revealed an ulcer at the gastroenterostomy.
Follow-up is complete in 41/42 patients. Mean follow-up time was 9.1 (+/-5.2) months. Weight loss results are shown in Table 2 .
Two patients needed to be operated again in the longterm follow-up period. One patient was treated for an internal hernia 6 months postoperative. A second patient was admitted for an abdominal pain syndrome suggestive for internal hernia, although perioperative no abnormalities could be seen.
During follow-up following complaints were noted in three patients: one patient is suffering from excessive weight loss and insomnia, one patient with depression and one patient with a -so far untreated-incisional hernia at the trocar site. All other patients are very happy with the result. There were no mortalities in this series.
DISCUSSION
The first robotic bariatric procedure was described in 1997 by Himpens et al. 5 Since then, the use of the robot stepwise entered the operation room.
In our centre, the new-generation da Vinci XI ® platform is used (Fig. 4) . With this platform, the robotic arms are arranged in a way they can turn on its own, enabling performing procedures in different quadrants without the need to replace the system.
Besides the advantages, only little data is available in literature. Most series are small and have a low level of evidence and quality. In general, weight loss results are similar to the laparoscopic approach. The reported benefits are a lower complication rate and faster recovery period while the drawbacks are a longer operation time and a higher cost.
We present the results of 42 consecutive patients operated at CUF Infante Santo Hospital in Lisbon. In this series, no serious adverse events were seen. Regarding, weight loss, length of stay in the hospital and complication rate, our results are similar to earlier described series. [6] [7] [8] [9] [10] The largest comparative study, comparing robotic and laparoscopic approach is published by Buchs et al. 11 The authors compared 388 robotic gastric bypasses to 389 laparoscopic cases. They confirmed the longer operation time in the robotic group (245 minutes versus 215 in laparoscopic group). Besides, they describe a reduction in conversion rate (0.8% for the robotic group versus to 4.9% for laparoscopic group) and a lower complication rate with a significant reduction in anastomotic leaks (one in the robotic group versus 13 in the laparoscopic group). Our mean operation time was 178.05 (+/-63.85) minutes. The operation time was calculated as a mean, regarding the inclusion of two very long procedures (> 5 hours), and the small group size, this shows artificially long. Most of the primary robotic gastric bypass did not take longer than 150 minutes.
To our personal opinion, there are two main benefits of the robotic approach: first, the hand sewn gastrojejunal anastomosis and secondly, the quick patient recovery. In a conventional gastric bypass, the gastrojejunal anastomosis is made by a stapling device. The better view of the robot and the manipulation of the robotic wrists allow to perform a hand sewn manual anastomosis which is technically very difficult by laparoscopy. The dissection of the tissue is enhanced and a clear vision on both the gastric pouch and the jejunal loop is obtained. This way, the anastomosis can be nicely calibrated. Moreover, the risk of intraluminal bleedings is reduced by an inside vision of the lumen of the pouch.
We have the impression that patients are recovering faster after a robotic gastric bypass. Very soon after surgery they are able to mobilise, which reduces the risk of thromboembolic complications. The oral intake of liquids is motivated immediate after arousal, which avoids hypovolemia and enhances the recovery. Most of the patients are discharged after 2 days and return back to work after two weeks.
During surgery, the position of the patient is more stable than during laparoscopy. After docking, the trocars are not moved anymore. There is no traction on the trocars during the surgery and the position of the camera is stable and controlled by the surgeon. This way, there is less traction on the abdominal wall which can be the explanation of the reduction in postoperative pain and enhanced recovery.
The stable view and improved ergonomics are a major advantage for the surgeon itself. During surgery, the operator is comfortable and not dependent to the assistant for handling the camera.
The high cost remains the major concern for general implementation of the robotic system. However, the possible reduction of the complication rate may contribute to a general cost reduction in bariatric surgery. Hagen et al calculated that as robotic gastric bypass is associated with lower complications, lower anastomotic leaks and less reoperations, the general cost for society even is lower than a laparoscopic gastric bypass. 12 Nowadays, the Da Vinci platform is still the only available one. The instruments are sold at a very high price. With development of new systems and upcoming concurrency, the prices will drop. The robot is also an effective tool for training, not only for future but also for experienced surgeons. They can train on virtual reality simulators which offer a high-quality vision very close to reality. This way a surgeon can prepare and train a procedure virtually before performing it on a real patient. In the future, it might be possible to merge the virtual model to the operative field. This way the live image and the previously prepared 3D model can be fused. This is what is called augmented reality. This can lead to new applications such as real-time virtual endoscopy, microscopic views and perioperative virtual histological examination. 4 The number of institutions performing robotic surgery in Portugal is still very little; only 4 centres have a robotic system. It is true, the introduction of robotic surgery requires a high investment. Not only in equipment but also in training for the whole surgical team. After one and a half years we developed a standardized technique and every member of the team adapted very soon. The pre-existing large experience of the main surgeon in bariatric surgery as well as his experience in robotic surgery (> 300 cases) contributed to this smooth transition.
CONCLUSION
Robotic gastric bypass is a safe and reproducible procedure with good results regarding weight loss and reducing obesity-related comorbidities. The main advantage of the robotic technology is the enhanced vision and fine tissue manipulation. This results in better clinical outcome, e.g. less complications and faster recovery. In the future, with the decrease of costs and more experience, the use of robotics in bariatric surgery might be widespread appreciated. 
